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(54) LITHIUM SECONDARY BATTERY 
(57)Abstract: 

PURPOSE: To provide a large amount of positive 
electrode lithium, which can be stored and released, so 
as to increase battery capacity by using a compound of 
large capacity as a positive electrode material 
CONSTITUTION: An anion-contained compound is 
formed by previously inserting an anion of 100 or more 
molecular weight, not released into an electrolyte at 
discharge time, in to a compound, formed by replacing 
parity a carbon atom of forming a skeleton of a graphite 
crystal with a boron atom, and a battery is formed by 
using the anion-contained compound for a positive 
electrode as the compound in which lithium can be 
stored and released. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2, **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Especially this invention relates to improvement of a positive-electrode 
materia! aiming at increase of cell capacity with respect to a lithium secondary battery. 
[0002] 

[Description of the Prior Art] as the positive^electrode material of the former and a lithium 
secondary battery — Li0oO2 and LiNi02 etc, — the metal chalcogen ghost which can occlusion 
emit a lithium is used 

[0003] However, the capacity of such positive-electrode material was as low as about 120^180 
mAh/g, and had a problem as a positive-electrode material for obtaining a lithium secondary 
battery with a big ceil capacity for this reason. 

[0004] The place which this invention is made to solve this problem and is made into the 

purpose is to offer a lithium secondary battery with a large cell capacity. 

[0005] 

[Means for Solving the Problem] The lithium secondary battery concerning this invention for 
attaining the above-mentioned purpose (a "this invention ceil" is called hereafter.) the 
compound ("carbon and a boron compound" are called hereafter — ) which comes to replace 
some carbon atoms which form the skeleton of a graphite crystal by the boron atom The anion 
content compound which comes beforehand to insert a with a molecular weight of 100 or more 
which is not emitted into an electrolyte at the time of electric discharge anion considers as the 
compound which can occlusion emit a lithium, and it comes to use it for a positive electrode, in 
addition, this specification — setting — for convenience — molecular weight — suppose that it 
is used also about ion, extending a term 

[0006] The positive-electrode materia) slack anion content compound in this invention cell 
comes beforehand to insert a with a molecular weight of 100 or more which is not emitted to 
carbon and a boron compound into an electrolyte at the time of electric discharge anion. 
[0007] As the above-mentioned carbon and boron compound, it is an empirical formula BC3. The 
compound expressed is illustrated as a suitable thing. 

[0008] This empirical formula BC3 The carbon and the boron compound expressed are obtained 
by mixing by the weight ratios 5:95-50:50, and calcinating a boron carbide (B4 C), boron oxide 
(B-2 03), and pitch coke by 2000-3000 degreeC under nitrogen-gas-atmosphere mind for about 
15 to 20 hours, the suitable weight of the boron carbide in this case, boron oxide, and pitch coke 
— although a mixing ratio is 7:93 to about 15:85, especially about 10:90 are the optimal In 
addition, it is also possible to replace with a boron carbide or boron oxide as a boron raw 
material, and to use a boron simple substance. 

[0009] In this invention, it replaces with a graphite and such carbon and a boron compound are 
used for making it possible to insert an anion with impossible big molecular weight 
eiectrochemicaily in the usual graphite, 

[0010] That is, when the number of peripheral electrons replaces some carbon atoms of a 
graphite skeleton by the boron atom few one piece compared with a carbon atom, it compares 
with the graphite which consists only of a carbon atom, and since an electron is insufficient, 
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electronic receptiveness becomes high. Thus, by using the high compound of electronic 
receptiveness, it becomes possible to insert an anion with big molecular weight in carbon and a 
boron compound electrochemically, 

[0011] The perfluorocarbon~sulfonic-acid ion (the Du Pont make, tradename "Nation" (Nation)) 
expressed with the empirical formula shown in the following-ization 2 as an anion in this 
invention is illustrated as a suitable thing, 
[0012] 
[Formula 2] 

0 

I 

CF ? 

! 

FC—CF 3 
I 

0 
I 

CF ? 
I 

CF 2 
I 

However, m and n are 1 or more and 1000 or less integers each independently among 2. 
[0013] the anion in this invention is limited to a with a molecular weight of 100 or more anion — 
CI04- etc. — it is because it becomes impossible to realize increase of the ceil capacity which 
this invention plans since in the case of a with a molecular weight of less than 100 anion it wilt 
be emitted at the time of electric discharge even if it inserts these anions beforehand 
[0014] That is, in this invention, when an anion content compound is used as a positive- 
electrode material, cell capacity increases because the amount of occlusion (capacity) of the 
cation at the time of electric discharge of positive-electrode materia! (Li+ ion) increases by 
charge compensation, and increase of the amount of cation occlusion by this charge 
compensation is because it will be the requisite that it is fixed in positive-electrode material and 
an anion is not emitted into an electrolyte at the time of electric discharge. 

[0015] The anion content compound in this invention can be easily obtained by inserting an anion 
in carbon and a boron compound electrochemically according to anodic oxidation etc. 
[0016] in addition, an anion content compound is kneaded by the conventional method with 
binders, such as electric conduction agents, such as acetylene black and carbon black, and a 
polytetrafluoroethylene (PTFE), a polyvinylidene fluoride (PVdF), — having — a positive 
electrode — it is used as a mixture 

[0017] this invention celi has the feature at the point which used the anion content compound 
with many amounts (capacity) which can occlusion emit a lithium as a positive-electrode 
material compared with the conventional metal chalcogen ghost in order to increase cell 
capacity. So, it is possible to use it without a limit of the various material which is conventionally 
used as an object for lithium secondary batteries, or is proposed about negative-electrode 
material, a non-drainage system electrolyte, and separator (when using a liquid electrolyte), 
[0018] As a negative-electrode material, the material which can occlusion emit lithiums, such as 
a lithium alloy besides a lithium metal, corks, and a graphite, can be used, for example, powder 
material, such as a graphite, — a conventional method — a binder — and — if it requires — an 
electric conduction agent etc. — kneading — a negative electrode — it is used as a mixture In 
addition, in this invention, when using carbon materials, such as corks and a graphite, etc. as a 
negative-electrode material, it is necessary to carry out occlusion of the lithium of the specified 
quantity beforehand into positive-electrode material or negative-electrode material. 
[0019] moreover — a non-drainage system electrolyte — ethylene carbonate, dimethyl 
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carbonate, or these mixed solvents — LiPF6 LiCI04 etc. — various non-drainage system 

electrolytes, such as a solution which melted the solute, can be used 

[0020] 

[Function] En this invention cell, since the specific anion content compound with a large capacity 
is used as a positive-electrode material, there are many amounts in which the lithium occlusion 
of a positive electrode is possible, 

[0021] Incidentally, it is BC3, The capacity of the positive-electrode material which comes to 
insert Nafion is 300 or more mAh/g, and this is conventional LiCo02. LiNi02 It compares with 
capacity (120 - 180 mAh/g), and is a markedly large value, 
[0022] 

[Example] It is possible to change this invention suitably in the range which is not limited at all 
by the following example and does not change the summary, and to carry out hereafter, although 
this invention is further explained to a detail based on an example. 

[0023] (Example) Empirical formula BC3 which is calcinated by 2400 degreeC for 16 hours and by 
which a boron carbide and pitch coke were mixed by the weight ratio 10:90, and the part under 
carbon crystal was replaced by the bottom of nitrogen-gas-atmosphere mind by boron The 
carbon and the boron compound expressed were obtained. This carbon and boron compound are 
used as an anode plate, and it is UPF6. After anodizing in the electrolytic solution which added 
Nafion in the solution melted L one mol /to volume mixed solvents, such as ethylene carbonate 
and dimethyl carbonate, and inserting Nafion in carbon and a boron compound, it washed using 
the solvent of the same composition as the above-mentioned mixed solvent, it dried for three 
days by 60 degreeC, and the anion content compound was obtained. Subsequently, it mixed by 
the ratio of the weight ratio 90:5:5, and the acetylene black as an electric conduction agent and 
PTFE as a binder were used as the mixture at the anion content compound which carried out in 
this way and was obtained. This mixture was rolled out to the lath board of the aluminum as a 
charge collector, it heat-treated under the 2-hour vacuum by 250 degreeC, and the electrode 
(positive electrode in this invention cell) was produced. 

[0024] (Example of comparison) LiCo02 It mixed by the ratio of the weight ratio 90:5:5, and the 
acetylene black as an electric conduction agent and PTFE as a binder were used as the mixture. 
This mixture was rolled out to the lath board of the aluminum as a charge collector, it heat- 
treated under the 2-hour vacuum by 250 degreeC, and the electrode (positive electrode [ in / a 
cell / conventionally ]) was produced. 

[0025] (Gharge-and-discharge capacity of each electrode) Each electrode produced in the 
above-mentioned example and the example of comparison was made into the operation pole, and 
the charge-and-discharge property of each electrode was investigated by the 3 pole type 
examining method by making a lithium electrode (charge collector : mesh-like stainless steel 
(SUS304) board of 80 meshes) into a counter electrode and a reference electrode. Charge and 
discharge are current density 0,2 mA/cm2. Et carried out and 4.3V and electric discharge 
termination potential were set to 3.0V for charge termination potential. In addition, as the 
electrolytic solution, it is LiPF6 to volume mixed solvents, such as ethylene carbonate and 
dimethyl carbonate. The solution melted I. one mol /was used- 

[0026] drawing 1 — the charge property in that case — a vertical axis — Li/Li+ the potential 
(V) of the positive electrode to a normal electrode — moreover, the potential (V) of a positive 
electrode [ as opposed to / to a vertical axis / in drawing 2 / are the graph which took and 
showed the charge capacity (mAh/g) per 1g of positive-electrode material to the horizontal axis, 
and / a Li/Li+ normal electrode for the electric discharge property in that case ] — moreover, it 
is the graph which took and showed the service capacity (mAh/g) per 

[0027] From drawing 1 , this invention electrode understands conventionally that the charge 
capacity in this potential is very as small as about 170 mAh/g for an electrode to a thing with a 
as large charge capacity in charge termination potential 4.3V as about 375 mAh/g. 
[0028] Moreover, service capacity [ in / this potential / conventionally / to service capacity / 
in / electric discharge termination potential 3,0V / inevitably / since there is a big difference in 
this way in the charge capacity between two electrodes, as it is shown in drawing 2 / in this 
invention electrode ] having become as large as about 300 mAh/g / in an electrode ] has 
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become very as small as about 170 mAh/g. 

[0029] In addition, especially a limit does not have this invention in the configuration of a cell, 
and it can be applied to the lithium secondary battery of various configurations, such as a flat 
type and a square shape. 
[0030] 

[Effect of the Invention] this invention — since the compound with a large capacity is used as a 
positive-electrode material, the lithium secondary battery concerning this invention has many 
amounts in which lithium occlusion discharge of a positive electrode is possible, and, for this 
reason, its eel! capacity is large — does the outstanding characteristic effect so, 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2,**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawin g 1] It is a charge property view. 

[Dr awing 2] It is an electric discharge property view. 



[Translation done.] 
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